Abstract. In this paper, we firstly study numerical methods for gas flow simulation in dual-continuum porous media. Typical methods for oil flow simulation in dual-continuum porous media cannot be used straightforward to this kind of simulation due to the artificial mass loss caused by the compressibility and the non-robustness caused by the non-linear source term. To avoid these two problems, corrected numerical methods are proposed using mass balance equations and local linearization of the non-linear source term. The improved numerical methods are successful for the computation of gas flow in the double-porosity double-permeability porous media. After this improvement, temporal advancement for each time step includes three fractional steps: i) advance matrix pressure and fracture pressure using the typical computation; ii) solve the mass balance equation system for mean pressures; iii) correct pressures in i) by mean pressures in ii). Numerical results show that mass conservation of gas for the whole domain is guaranteed while the numerical computation is robust.
Introduction
Fractured reservoirs contain significant proportion of oil and gas reserves all over the world. This proportion is estimated to be over 20% for oil reserves [1] and probably higher for gas reserves [2] . The large proportion of petroleum in fractured reservoirs is a good supplementary to convectional petroleum resource, which cannot solely satisfy energy demands all over the world for oil and gas. Fractured reservoirs are ICCS Camera Ready Version 2018 To cite this paper please use the final published version:
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attracting petroleum industry and getting more developments. Despite well understandings and technological accumulations for conventional oil and gas, technologies for explorations in fractured reservoirs are relative immature due to the complicated structures and flow behaviors in fractured reservoirs. Therefore, researches driven by the increasing needs to develop petroleum in fractured reservoirs have been received growing attentions. Efforts on modeling and understanding the flow characteristics in fractured reservoirs have been made continuously [3] . Among the commonly used conceptual models, the double-porosity double-permeability model is probably widely used in petroleum engineering due to its good ability to match many types of laboratory or field data and has been utilized in commercial software [4] . Some numerical simulations [5] and analytical solutions [6, 7] have been proposed for oil flow in dual-continuum porous media. However, analytical solutions can only be obtained under much idealized assumptions, such that slight compressibility, infinite radial flow, homogenization etc., so that their applications are restricted to simplified cases of oil flow. For gas flow, slight compressibility assumption is not held any more. The governing equations are nonlinear and cannot be analytically solved. Numerical computations for gas flow in dual-continuum porous media might be more difficult than oil flow because the strong nonlinearity induced by compressibility of gas. Therefore, it is important to study numerical methods for gas flow in fractured reservoirs based on the dual-continuum model. We also numerically study the effect of the production well on the gas production in a dual-continuum porous medium with non-uniform fracture distribution.
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Physical model and governing equations
where Mass conservation equations for gas flow in dual-continuum reservoirs governed by Darcy's law are:
Where M  and 
Numerical methods
The above governing equations are similar with those of oil flow in dual-continuum porous media so that we directly apply the numerical methods for oil flow to gas flow at first. Finite difference method is used on staggered grid. Temporal advancement is the semi-implicit scheme to ensure a large time step. Spatial discretization adopts the second-order central difference scheme. Based on these methods, Eq.(3) and Eq.(4) are discretized to: 
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Where 
Discussions on numerical method
The discretized equations are solved using parameters in Table 1 . Computational results show that the well pressure is always negative, which is unphysical, because all pressures must be higher than P bh (2atm). We further find the difference between initial total mass and computational total mass is increasing (Fig.2) , indicating that gas mass is lost in the computation. This phenomenon demonstrates that current numerical methods cannot automatically ensure the mass conservation, although the computation is based on the mass conservation equation (Eq.(3) and Eq.(4)). Therefore, mass conservation law should be utilized to correct current numerical methods. Matrix pressure and fracture pressure at 10000 t  are shown in Fig.3 and Fig.4 respectively. Their distributions indicate that pressure gradients are correct. Thus, the incorrect pressures are caused by the unreal mean pressures. They can be corrected by the real mean pressures as follows: and real F p . Gas is continuously flowing from matrix to fracture and leaving the dual-continuum system from the well. Therefore, mass balance of matrix in each time step should be:
Mass balance of fracture in each time step is: 
The masses of gas can be calculated via equation of state:
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